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7Abstract
Six cross-sectional population surveys have been carried out at five-year intervals
starting in 1972 in eastern Finland. Since then, weight and height of Finnish
adults have also been monitored regularly. The objective of the present study was
to assess trends in body mass index (BMI), waist-to-hip ratio (WHR) and obesity
among adults in Finland during the last few decades. A further aim was to identify
possible risk groups for increasing obesity by investigating the associations of
BMI and obesity with age, education, occupation and  lifestyle factors.
This study is part of the national FINRISK studies carried out between 1972 and
1997. These surveys covered two eastern regions in 1972 and 1977 but were
expanded to include a third region in southwestern Finland in 1982. For each
survey, an independent random sample from the national population register was
drawn of subjects aged 25 to 64 years. Altogether 45 777 randomly selected men
and women participated in the six surveys. Weight, height, and waist and hip
circumferences of subjects were measured, and data on occupation and education
level as well as lifestyle factors were collected by self-administered questionnaires.
The mean BMI increased in both genders. In men, the upward trend was most
prominent in the oldest age group (55-64 years), but was also found in the
youngest age group (25-34 years), whereas in women, the upward trend was
greatest in the youngest age group. A BMI increase with age was more prominent
in women than in men and was very similar in all birth cohorts. In men, the BMI
increase with age varied across cohorts such that the younger the cohort, the
greater the BMI increase with age. Independently of changes in BMI, abdominal
obesity increased both in men and women during the ten-year period, especially
among subjects aged 45 years or older. In men, the strongest upward trend in
WHR occurred in the early 1990s, whereas in women, these trends continued
steadily throughout the 1990s.
8BMI increased in all educational groups in men, but in women, the upward trend
seemed to be greatest in the lowest educational group. The upward trends were
most prominent among retired and unemployed men, whereas in women, BMI
changes over the years did not vary across occupational groups.
Physical activity, no smoking, moderate alcohol consumption and healthy food
choices were associated with the least likelihood of being obese. The significance
of avoiding sedentariness seemed to increase over time as a factor associated with
normal weight.
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Abbreviations
BMI   body mass index
CI   confidence intervals
CT   computerized tomography
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OR   odds ratio
sd   standard deviation
SES   socioeconomic status
WHO   World Health Organization
WHR   waist-to-hip ratio
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1. Introduction
The negative effects of obesity on health are beyond dispute. Excessive body fat
represents a strong risk factor for several diseases, the most important of which
ones are type 2 diabetes, hypertension, cardiovascular diseases and osteoarthritis
(Pi-Sunyer 1991, World Health Organization 2000). Most of these deleterious
effects are more likely if the excess body fat is mainly stored in the upper body,
with abdominal visceral fat being the most critical when evaluating the health
risks of obesity (Pi-Sunyer 1991, Björntorp 1993, World Health Organization
2000). Moreover, obesity is associated with disability and poor perceived health
(Wolk and Rössner 1996, Manderbacka et al. 1998, Doll et al. 2000, Ford et al.
2001).
Obesity not only has wide-reaching medical consequences but also has social and
economic implications (Seidell 1995a, Wolf and Colditz 1996). Obese subjects
are more likely to have frequent sick leaves and to be prematurely pensioned
(Rissanen et al. 1990, Moens et al. 1999). In addition, subjects overweight in
adolescence have been shown to complete fewer years of education and to be less
likely to get married than their normal-weight counterparts (Gortmaker et al.
1993). In women, overweight has been associated with lower household income
(Gortmaker et al. 1993, Sarlio-Lähteenkorva and Lahelma 1999) and
unemployment (Sarlio-Lähteenkorva and Lahelma 1999). Stigmatization and
impaired well-being of obese subjects have been established in several studies
(Crocker et al. 1993, Myers and Rosen 1999).
The obesity-related burden for society is considerable as well. Estimations of
economic costs incurred range from 2% to 7% of total health care costs, which
means that obesity represents one of the largest expenditures in health care
budgets (Seidell 1995a, Wolf and Colditz 1996, 1998, Swinburn et al. 1997). In
12
Finland, the corresponding figure is similarly estimated to range from 1.4% to 7%
(Pekurinen et al. 2000).
Obesity has been suggested to be a major avoidable contributor to the costs of
illness in the United States (Colditz 1992, Wolf and Colditz 1996). Nevertheless,
its prevalence continues to increase, not only in the United States but worldwide
(Popkin and Doak 1998). Thus, obesity is also an escalating health problem in
European countries (Seidell 1995b, World Health Organization 2000), including
Finland, where its high prevalence and increasing trend were already observed in
the 1970s (Rissanen et al. 1988). The mean body mass index (BMI) continued to
increase steadily in men during the 1980s and the early 1990s, whereas in women,
BMI trends reversed in the early 1980s and then seemed to level off (Pietinen et
al. 1996).
Difficulties in treating obesity and maintaining weight loss are well documented.
Indeed, prevention appears to be the most promising way of overcoming this
growing epidemic (Bouchard 1996, Gill 1997). However, interventions aimed at
prevention of obesity or weight gain are scarce and few studies have been done
(Glenny et al. 1997, Hardeman et al. 2000). Thus, limited information is available
for formulating effective obesity prevention strategies. When planning prevention
policies, more knowledge is needed about factors being attributed to this
escalating problem (James 1995). Monitoring changes in BMI and in the
prevalence of obesity over time are essential for evaluating strategies and actions
for the prevention and management of obesity.
This thesis describes changes in body weight and obesity among Finnish adults
both overall and by age and socioeconomic factors over a 15-year period, partly
also over a 25-year period. The specific objective was to identify possible risk
groups for undesirable trends in obesity. The associations of lifestyle factors with
obesity and BMI, and their consistency over time were investigated as well.
13
2. Review of the literature
2.1. Definitions and classification of obesity
2.1.1. BMI as a measure for assessing obesity
Obesity is characterized by excess adipose tissue. Quantification of adipose tissue
mass can be achieved by a number of laboratory methods including underwater
body density measurement and body fat content estimated by the dual energy X-
ray absorptiometer (DEXA). In addition, the development of new techniques,
such as magnetic resonance imaging (MRI) and computed tomography (CT), has
provided researchers with opportunities to describe human adiposity in more
detail (Lukaski 1987, Seidell et al. 1987, Gray et al. 1991, Sobol et al. 1991).
However, these methods require costly equipment and are difficult to implement
in epidemiological studies, although some exceptions exist, such as bioelectrical
impedance (Jebb and Elia 1993).
In large-scale population surveys, body weight adjusted for stature (body mass
index) is commonly used as a surrogate for body fat content (Revicki and Israel
1986, Gray and Fujioka 1991). These indices are defined as different
combinations of weight and height, such as weight divided by height and weight
expressed as a percentage of mean weight for a given height and sex (Colliver et
al. 1983). The most widely used is Quetelet’s index, better known as body mass
index (BMI), which is body weight (kg) divided by height squared (m2).  This
index has been shown to correlate weakly with height and strongly with body
fatness (Keys et al. 1971, Revicki and Israel 1986).
Although the correlation between BMI and body fat adjusted for height is high
(r=0.82-0.91) (Spiegelman et al. 1992), BMI fails to distinguish between lean
body mass and fat. Thus, the relationship between BMI and body fatness varies
14
according to body composition proportions (Garn et al. 1986). For instance, the
percentage of body fat mass is higher in women than in men with a similar BMI.
In addition, body fatness has been shown to increase with ageing, meaning that a
given BMI may correspond to a greater body fat content in older subjects
compared with younger ones (Ross et al. 1994, Gallagher et al. 1996).
Any age-related change in height has an influence on BMI as well. In adults,
height is lost with normal ageing. In a recent study, an average height loss of 3 cm
from age 30 to 70 years was estimated to account for an artificial increase in BMI
of 0.7 kg/m2 for men. In women, the height loss averaged about 5 cm over the
same 40-year period, accounting for an increase of 1.6 units in BMI (Sorkin et al.
1999). During growth in childhood and adolescence, not only does height increase
but body composition changes as well, thus classification of obesity according to
BMI is complicated. Because the age of onset of puberty varies, international
BMI-based estimates of overweight  in children and adolescents are rendered
even more difficult to determine (World Health Organization 2000). The need for
these estimates has, however, been emphasized (Prentice 1998). Consequently,
internationally based cut-off points for children have recently been published
(Cole et al. 2000).
Despite its limitations, BMI provides a simple and the most useful population-
level measure of obesity in adults. A BMI of 30 kg/m2 is widely recognized as a
cut-off point for obesity. The latest classification of overweight according to BMI
(Table 1) was introduced in a WHO report published in 2000 (World Health
Organization 2000).
15
Table 1. Classification of under- and overweight in adults according to BMI.
Classification BMI (kg/m2) Population description1
Underweight <18.5 Thin
Normal range 18.5-24.9 Normal, healthy, acceptable
weight
Overweight
     Pre-obese
     Obese class I
     Obese class II
     Obese class III
≥25
     25-29.9
     30.0-34.9
     35.0-39.9
     ≥40
Overweight
Obesity
Obesity
Morbid obesity
1
 adapted from Seidell and Flegal 1997
Source: World Health Organization 2000
The BMI-based classification of overweight and obesity has been well received
by the research community (Seidell et al. 2001), making comparisons for obesity
prevalence between or within populations feasible. However, in some studies,
alternative cut-off points have been used. For example, obesity has been classified
on the basis of the BMI distribution in the reference population, the 85th percentile
being the cut-off point for overweight and the 95th percentile for obesity
(Kuczmarski et al. 1994, Yanai et al. 1997), or subjects with a relative weight
index (100 x weight divided by ideal weight) larger than 130% have been
considered to be obese (Laurier et al. 1992).
It must be acknowledged, however, that the classification of obesity according to
BMI is artificial, and the cut-off point of BMI 30 for obesity is purely arbitrary.
The population is not composed of two distinct groups, namely the obese and the
non-obese. The cut-off point for obesity merely indicates the greatly increased
health risks above this level of body fatness. It does not, however, imply that BMI
below this level is free from associated risks because the risks of morbidity and
mortality begin at relatively low levels of BMI (Manson et al. 1995, Willett et al.
1995, 1999, World Health Organization 2000). Overall, guidelines for healthy
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weight are difficult to determine (Garn 1996, Cooper et al. 1998, Willett et al.
1999, Liu and Manson 2001).
2.1.2. Abdominal obesity
Recently, the relationship between body-fat distribution and several diseases,
independent of overall obesity, has attracted much attention. It has become
increasingly clear that not only the amount of fat deposited on the body but where
it is situated is responsible for the increased risk for such diseases as
cardiovascular disease (Lapidus et al. 1984, Larsson et al. 1984, Kannel et al.
1991, Folsom et al. 1998, Rexrode et al. 1998, Megnien et al. 1999), non-insulin
diabetes mellitus (Hartz et al. 1983, Carey et al. 1997) and breast cancer
(Männistö et al. 1996b, Kaaks et al. 1998).
The importance of fat distribution was recognized already in the middle of the last
century, when subjects with an android body type (upper body fat accumulation)
were shown to have a higher probability of various diseases than gynoid-type
subjects (lower body fat accumulation) (Vague 1956). More recently, the absolute
amount of intra-abdominal fat rather than the fat distribution pattern has been
suggested to influence health risks (Kahn 1993), although the independent
contribution of visceral fat accumulation to disease development is still under
review (Seidell and Bouchard 1997).
Numerous techniques have been developed for the assessment of visceral fat. The
most valid and reliable estimates of abdominal visceral fat can be obtained by
using imaging techniques such as computerized tomography (CT) and magnetic
resonance imaging (MRI) (van der Kooy and Seidell 1993). These techniques are
also able to differentiate between subcutaneous and visceral abdominal fat
(Ashwell et al. 1985, Sobol et al. 1991). However, these methods are laborious
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and expensive. In addition, involvement of radiation exposure with CT limits the
frequency of measurements (Jebb and Elia 1993, van der Kooy and Seidell 1993).
Therefore, these techniques are not suitable for screening large groups of
individuals (Molarius and Seidell 1998, Rankinen et al. 1999).
For epidemiological studies, simple yet valid anthropometric indicators of
visceral obesity are needed. In this case, BMI is not suitable because it cannot
distinguish between lean body mass and fat, much less between visceral and
subcutaneous fat. A variety of other anthropometric indicators have been
suggested as optimal predictors of visceral fat. However, all of them have
limitations either in the interpretation of results or in their use for public health
purposes (Després et al. 1991, Molarius and Seidell 1998).
The most commonly used indicator is the waist-to-hip ratio (WHR), which was
initially proposed in Sweden (Krotkiewski et al. 1983) and in the United States
(Hartz et al. 1983) at the beginning of the 1980s. WHR rather than waist
circumference alone was used because the latter was considered to be highly
dependent on the stature of the individual measured. WHR has been shown to be
a good predictor of visceral fat (Ashwell et al. 1985, Seidell et al. 1987, 1988),
although some variation occurs with age (Seidell et al. 1988).
The ratio of waist to height has also been used as an indicator of abdominal fat
(Higgins et al. 1988), as has the conicity index, with which the abdominal girths
of persons of the same height and weight are referred to a standard value for
comparison (Valdez et al. 1993). Disadvantages of these indicators are that they
are ratios which are not easy to interpret biologically (Bouchard et al. 1990) or to
use in statistical analyses (Allison et al. 1995). Furthermore, ratios have been
shown to be inappropriate for evaluating changes in fat distribution with weight
loss (Bouchard et al. 1990, van der Kooy et al. 1993).
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Although an elevated WHR is a powerful predictor of numerous diseases
(Björntorp 1993), WHR as a ratio is also not easy to interpret. This ratio combines
two circumference measurements: the waist measurement includes visceral
organs and abdominal fat, whereas that of the hip reflects fat mass as well as
muscle mass and skeletal frame (Molarius and Seidell 1998). The relative size of
peripheral muscle provided by hip measurements may contribute independently to
ill health (Björntorp 1998), such as to an elevated risk for non-insulin-dependent
diabetes, since subjects with a high WHR may be at higher risk not only because
of a broad waist but also because of narrow hip circumference (Seidell et al.
1997). In all, WHR is useful in  public health work and continues to be a useful
research tool in epidemiological studies (Björntorp 1993, Lissner et al. 1998),
although its use as a surrogate measure of visceral obesity is not recommended
(Rankinen et al. 1999).
Recent evidence suggests that waist circumference alone may be a better indicator
of abdominal fat and a predictor of ill health than WHR (Seidell et al. 1988,
Pouliot et al. 1994), and it has been recommended as a tool for identifying need
for weight management (Lean et al. 1995). Waist circumference is strongly
correlated with visceral fat deposits (Lemieux et al. 1996, Han et al. 1997a,
Taylor et al. 1998, Rankinen et al. 1999) but only weakly with height (Han et al.
1997a, b). Because it can be easily measured and interpreted, it is useful in
clinical and public health practice (Lean et al. 1998, Molarius and Seidell 1998,
Vanltallie 1998).
Besides BMI, the measurement of waist circumference seems to be the best
candidate for indicating the health risks of obesity (World Health Organization
2000, Seidell et al. 2001); nevertheless, there is a lack of consistency in the
selection and use of anthropometric indicators for classification of abdominal
fatness (Molarius and Seidell 1998). While weight and height measurements are
quite well standardized, waist circumference can be measured in a variety of
ways, the best being by use of bone landmarks as references. To date, no
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agreement exists on a bone landmark to render circumference measurement
reliable and reproducible (Seidell et al. 2001).
The most important limitation in using anthropometric indicators for assessing
abdominal obesity is, however, the lack of universal threshold values or cut-off
points (Seidell et al. 2001). Attempts have been made to derive cut-off points for
WHR and waist circumference (Table 2), but the definitions of these cut-off
points include a large variety of criteria for classification and are based on a
limited number of cross-sectional studies. No consensus has been reached about
the appropriateness of these different cut-off points (Molarius and Seidell 1998).
Furthermore, the use of these indicators for assessing health risk may be
population-specific and may depend on other risk factors (Molarius et al. 1999a,
World Health Organization 2000).
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Table 2. Criteria used to define cut-off points for weight management according to waist-
to-hip ratio and waist circumference.
Criteria Cut-off point Number of
subjects1
Age  (years) Reference
Men Women
Waist-to-hip ratio
Risk of CVD
and death
1.00 0.80 792+1462 54       (men)
38-60 (women)
Björntorp
1985
Risk of CVD
and death
1.00 0.90 792+1462 54       (men)
38-60 (women)
Bray 1987
Absolute
level of
visceral fat
0.94 0.88 213+190 ≥ 18 Lemieux et al.
1996
Waist
circumference
Cut-off
points for
BMI and
WHR
102 cm 94 cm 990+1216 25-74 Lean et al.
1995
Absolute
level of
visceral fat
100 cm < 40 years2
90 cm > 40 years
213+190 ≥ 18  Lemieux et al.
1996
CVD=cardiovascular diseases, BMI=body mass index, WHR=waist-to-hip ratio
1 men+women
2
 age-specific cut-off points, same for men and women
Adapted from Molarius and Seidell 1998
2.1.3. Other anthropometric measures for assessing obesity
In addition to circumferences, skinfold thicknesses and abdominal diameters, such
as a sagittal diameter, have been used as anthropometric measurements in
describing fat distribution or fat patterning (van der Kooy and Seidell 1993).
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2.2. Prevalence and trends in obesity
This section provides an overview of the prevalence of obesity and its trends in
adults in western countries. When comparing data from different cross-sectional
surveys, several factors should be kept in mind. Firstly, without a universal
definition for obesity, a comparison between different studies is not feasible.
Thus, in this overview, obesity is systematically defined as a BMI of 30 kg/m2 or
more according to the WHO international classification (World Health
Organization 2000).  Secondly, because BMI is known to vary with age (see
Section 2.3.1.), the age group under examination will affect results on the
prevalence of obesity. Similarly, a lack of standardization of age structure within
the population studied may give biased estimates.
Finally, estimates on obesity should be based on measured weight and height
because errors in self-reported figures have been shown to result in an
underestimation of prevalence (Steward et al. 1987). Furthermore, errors in self-
reported height and weight may vary with age and overweight status (Rowland
1990, Kuczmarski et al. 2001). This overview is mainly confined to studies in
which data on weight and height are based on measurement. However, a few
studies with self-reported anthropometric measures have been mentioned because
using these data in further evaluating BMI changes in some populations over time
is justified. As far as the author is aware, no studies exist that indicate that
reporting bias varies with time.
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2.2.1. Obesity in Finland
Epidemiological health surveys, including measurements of weight and height,
have been conducted in Finland since the mid-1960s.  On the basis of these
nation-wide surveys, the prevalence of obesity was 8% in men and 17% in
women aged 15 years or older at the end of the 1960s and the early 1970s
(Rissanen et al. 1988). Another survey a decade later resulted in obesity
prevalences of 11% and 14% for men and women aged 30 years or older,
respectively (Reunanen 1990). Weight and height of Finnish adults have also
been monitored as part of cardiovascular risk factor surveys, which have been
carried out in eastern Finland since the early 1970s.  The prevalence of obesity
was 11% in men and 22% in women aged 30-59 years in two eastern regions in
1972. Twenty years later, these prevalences were 20-21% in men and 18-22% in
women. In the southwestern part of Finland, obesity prevalence was 17% in men
and 14% in women in the early 1980s. Ten years later, the prevalence was 16% in
these men, similar to the figure for men living in the capital area of Finland. In
women, the prevalence was 15% in the southwest and 14% in the capital area in
1992 (Pietinen et al. 1996).
Health behaviour surveys have been conducted annually since 1978. In these
surveys, data on weight and height of Finnish adults aged 15-64 years are based
on self-reports. According to these data, mean BMIs and the prevalence of obesity
seem to have increased especially in men, but also in women, among whom the
upward trend tended to level off in the mid-1990s (Puska et al. 1996, Helakorpi et
al. 2000).
Thus, data from Finnish surveys suggest that the prevalence of obesity was
already high in women in the early 1970s and has not increased much during the
past decades. In men, the obesity prevalence used to be lower than in women but
is continuously increasing.
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2.2.2. Obesity elsewhere in Europe
WHO MONICA study
The most comprehensive data on the prevalence of obesity have been collected
during the WHO MONICA Project (WHO 1988). This project, designed to
monitor trends and determinants in cardiovascular disease, comprises 54
populations in 26 countries situated mainly in Europe. These risk factor surveys
were performed in two to three independent cross-sectional surveys at five-year
intervals, of which the first was carried out in most countries in the early 1980s
and the last one in the early 1990s. The surveys included random samples of at
least 200 subjects of each gender and ten-year age group for the age range from
35 to 64 years, and optionally for subjects aged 25-34 years.
In many countries, only one or some of the regions were included in the surveys,
and therefore, the MONICA populations may not necessarily be representative of
the countries. However, these data are invaluable for comparison between
populations, because the data on height and weight have been measured with an
identical protocol over the same time periods, if not exactly the same years. In
addition, data are age-standardized. In this overview, data on the prevalence of
obesity in subjects aged 35-64 years are presented only from those European
MONICA populations where a ten-year trend was available (http://www.ktl.fi/
publications/monica). Data from the United States were also included.
In men, the least obese populations (around 10%) were found in Sweden,
Denmark, Spain and the Toulouse region in France, whereas in Strasbourg,
France, more than 20% of the population was obese (Figure 1). In rural Germany,
Switzerland/Ticino, the Czech Republic and Lithuania/Kaunas, the prevalence of
obesity exceeded 20%. In the 1990s, every fifth man in Finland and Warsaw were
obese. Within ten years, obesity prevalence has increased in most populations.
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The increase was especially steep in the United Kingdom/Glasgow and in the
United States/Stanford, where the prevalences of obesity doubled. In contrast to
the majority of populations, the prevalence of obesity decreased in
Russia/Moscow and Switzerland/Ticino.
Figure 1. Prevalence of obesity (BMI ≥ 30 kg/m2) in men in the WHO MONICA
populations at baseline (in the early 1980s) and in the survey ten years later (early 1990s).
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Figure 2. Prevalence of obesity (BMI ≥ 30 kg/m2) in women in the WHO MONICA
populations at baseline (in the early 1980s) and in the survey ten years later (early 1990s).
Study populations: Belgium=Ghent-Charleroi,Czech R=Czech Republic, Denmark= Copenhagen,
Finland-K=Kuopio, Finland-NK=North Karelia, Finland-T =Turku-Loimaa, France-L=Lille,
France-Str=Strasbourg, France-T=Toulouse, Germany-AR= Augsburg rural, Germany-
AU=Augsburg urban, Germany-Br=Bremen, Iceland=entire country, Italy-Br=Briaza, Italy-F=
Friuli, Lithuania=Kaunas, Poland-T=Tarnobrzeg Voivodship, Poland-W=Warsaw, Russia/M=
Moscow, Russia/N=Novosibirsk, Spain=Catalonia, Sweden-G=Gothenburg, Sweden-N=Northern
Sweden, Switz.T=Ticino, Switz.-VF=Vaud-Fribourg, UK-Belf=the United Kingdom/Belfast, UK-
Glasg=the United Kingdom/Glasgow, USA=the United States/Stanford.
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In women, as well, the prevalence of obesity was low (around 10%) in the Nordic
countries, with the exception of Finland (Figure 2). In Switzerland,
France/Toulouse, Italy/Brianza, the United  Kingdom/Belfast and the United
States, the prevalence of obesity was 15% or less, whereas in most of the eastern
European populations it was at least double that of the 1980s. As in men, the most
prominent increase in women within the same ten-year period was found in
Stanford (the United States) and Glasgow (the United Kingdom). In Iceland, the
prevalence of obesity increased remarkably as well, while in Lithuania and Russia
it decreased. Overall, a tendency of increasing obesity prevalence was observed in
women. Both the prevalence of obesity and its ten-year change varied across the
populations more in women than in men.
Other studies in Europe
EURALIM (EURope ALIMentation) is a collaborative study aimed at
determining and describing the extent to which non-uniform data can be pooled in
a common database for international comparisons. Thus, EURALIM has used a
harmonization approach to compare data from seven population-based, locally
run studies with somewhat different designs in six countries (France, Italy, the
Netherlands, Spain, Switzerland, and the UK). Estimates on the prevalence of
obesity were analysed from a database including subjects aged from 40 to 59
years (total 18 381 women and 12 908 men) (Beer-Borst et al. 2000). Based on
these data collected between 1992 and 1996, the prevalence of obesity varied
from 8% in France to 20% in Italy in men, and from 7% to 37% in women,
respectively (Table 3). The authors suggest that these international differences
may be partly explained by different study designs (Beer-Borst et al. 2000). It
should also be noted that most of the populations were from urban regions, but the
one with the highest prevalence of obesity was a rural female population in Italy.
However, this variation across countries was of the same magnitude as that
observed in the WHO MONICA Project (see Figures 1 and 2).
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When examining the results from other surveys presented in Table 3, it should be
taken into account that age ranges vary across the surveys, and thus, the results
may not be comparable. Evaluating changes in the prevalence of obesity over
time based on these surveys is not simple either because weight and height have
been monitored regularly in only a few cross-sectional population surveys other
than the WHO MONICA Project. Part of the data summarized in this table
includes surveys carried out according to the WHO MONICA protocol, and thus,
has already been presented in Figures 1 and 2. These results were repeated to
provide more detailed information, including references.
Data from these surveys suggest that the prevalence of obesity has either
remained at a high level or, more often, increased during the last decade (Seidell
1995c). Data from the United Kingdom, in particular, have shown an increase
with an extraordinarily steep shift: from 7% to 17% in men and from 12% to 19%
in women over a ten-year period (Prentice and Jebb 1995, Seidell 2001).
Results based on self-reported data further support the increasing prevalence of
obesity in Europe. Recent cross-sectional surveys of representative samples of the
Spanish population aged 25-64 showed that the prevalence of obesity has
increased from 8% to 12% in men and from 9% to 12% in women between 1987
and 1997 (Gutierréz-Fisac et al. 2000).  In Sweden, a Survey of Living Conditions
has been conducted annually since the mid-1970s. Recently, data on weights and
heights from surveys carried out in 1980/81, 1988/89 and 1996/97 were reported
with the conclusion that the prevalence of obesity among Swedes (aged 16-84
years) had increased significantly from 9% to 12% in women and from 7% to
10% in men over this 16-year period. Self-reported values were adjusted to
estimate gender-specific obesity prevalences (Lissner et al. 2000).
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Table 3. Prevalence of obesity (%, BMI ≥ 30 kg/m2) and its trends in selected European
countries.
Country (region) Date1 Age
(years)
 M2  W2 Reference
The Netherlands
France
Italy (Naples)
Italy (Latina)
Switzerland (Geneva)
UK (Belfast)
Spain (Catalonia)
1990-92
1995-96
1993-96
1993-96
1993-96
1991-92
1992
40-59 12
8
-
20
11
15
11
14
7
19
37
9
16
22
EURALIM Project:
Beer-Borst et al.
2000
United Kingdom 1987/88
1993
1994
1995
1996
1997
≥16 7
13
14
15
16
17
12
16
17
17
18
19
Seidell 2001
Belgium (Flanders, Brussels) 1994 18-64 11 10 Moens et al. 1999
Belgium   Entire country
                 Entire country
                 Charleroi, Gent
                 North Belgium
1977-78
1979-84
1986-91
1992-93
40-54 9
13
16
15
-
-
-
-
Stam-Moraga et al.
1998
The Netherlands 1987-91 20-59 7 9  Seidell et al. 1995
Germany
(former East-Germany) 3
1982-84
1987-89
1991-94
25-64 14
14
13
23
21
21
 Heinemann et al.
1998
Germany
(former West-Germany)
1984-86
1990-91
25-69 15
17
17
19
Hoffmeister et al.
1994
Switzerland
(Vaud-Fribourg) 3
1984-85
1988-89
1992-93
25-74 11
11
15
11
11
10
Wietlisbach et al.
1997
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Table 3. continues.
Country (region) Date1 Age
(years)
M2 W2 Reference
Spain (Catalunya, the Basque
County, Madrid, Valencia)
1990-94 25-60 12 15 Aranceta et al. 2001
Denmark (Copenhagen) 3 1982
1992
30-60 10
13
9
11
Heitmann 2000
Sweden (Malmö) 1994-96 45-73 - 13 Lahman et al.
2000b
Sweden (Gothenburg) 1963
1994
50 6
11
-
-
Rosengren et al.
2000
1 Year of data collection
2 M=men, W=women, % prevalence of obesity
3
 Part of the WHO MONICA Project
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2.2.3. Obesity in countries outside Europe
The prevalence of obesity has also increased in the white population outside
Europe (Table 4), including countries such as the United States (Flegal et al.
1998), Canada (Macdonald,SM et al. 1997) and Australia (Eckersley 2001).
Obesity prevalence, especially the proportion of subjects with a BMI ≥ 35 kg/m2,
remains higher (5% for white men, 10% for white women) in the United States
than in other countries (Flegal et al. 1998).
Table 4. Prevalence of obesity (%, BMI ≥ 30 kg/m2) and its trends in  white populations in
selected countries outside Europe.
Country (survey) Date1 Age
(years)
M2 W2 Reference
USA (NHANES II)
         (NHANES III)
1976-78
1988-94
20-74 12
20
15
22
 Flegal et al. 1998
Canada (National Survey) 1986-92 18-74 13 14 Macdonald et al.
1997
Australia (capital cities) 1980
1989
1995
2000
25-64
25-64
25-64
≥ 25
7
9
18
17
7
11
16
19
Eckersley 2001
Australia (WHO MONICA)
    Newcastle
    Perth
1986 35-64
15
9
16
11
Molarius et al. 1997
New Zealand
(National Survey)
1989
1997
18-64 10
15
13
19
Wilson et al. 2001
1 Year of data collection
2 M=men, W=women, % prevalence of obesity
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2.3. Factors associated with BMI and obesity
Why do people become obese? A convenient answer would be that obesity is a
consequence of an energy imbalance where energy intake has exceeded energy
expenditure over a considerable period. However, arguing that obesity results
from overindulgence of food or lack of physical activity is an oversimplification.
Powerful societal and environmental forces influence energy balance and can
overwhelm the physiological regulatory mechanisms. An individual’s
susceptibility to these forces is affected by genetic and other biological factors
(World Health Organization 2000). Obesity arises from the interaction between
genes, environment and behaviour. As described in the previous section, the
prevalence of obesity has increased worldwide during the last few decades, while
our genes have hardly changed at all (Gill 1997). The genetic background of most
people is likely not equipped to handle the current abundance of food and a
sedentary lifestyle (Filozof and Gonzalez 2000). Thus, the environment has been
suggested to promote obesity-causing behaviours (Egger and Swinburn 1997, Hill
and Peters 1998). Nevertheless, little is known about factors that may explain the
obesity epidemic or the large differences between populations in the distribution
of BMI and the prevalence of obesity (Seidell and Flegal 1997, World Health
Organization 2000).
The following section will give a summary on factors, which have commonly
been associated with BMI and obesity in epidemiological studies. The
classification of these factors follows the review by Seidell and Flegal (1997).
Biological factors, e.g. genetics and the effects of menopause, have not been
included in this overview.
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2.3.1. Demographic factors: gender, age and ethnicity
Gender
Women generally have a higher prevalence of obesity (BMI ≥ 30 kg/m2), especially
after the age of 50 years, whereas men usually have a higher prevalence of
overweight (BMI 25-29.9 kg/m2) (Flegal et al. 1998, Stam-Moraga et al. 1999). In
addition, in most European countries, the prevalence of obesity in women as
compared with men varies much more across countries (Seidell 1995b).
Given that the mean BMI in men is not necessarily that different from BMI in
women, body composition does vary by gender. Men have more skeletal muscle
than women – both in absolute terms and relative to body mass. These differences
have been found to be greater in the upper body (Janssen et al. 2000).
Age
A BMI increase with age has been documented in several cross-sectional studies
(Rolland-Cachera et al. 1991, Boyle et al. 1994, Seidell et al. 1995, Flegal et al.
1998). The older the subjects, the higher the mean BMI and the prevalence of
obesity in both men and women, at least up to the age of 50-60 years (Rolland-
Cachera et al. 1991, Seidell 1995b, Seidell et al. 1995). The BMI increase with
age in women tends to continue longer than in men (Seidell et al. 1995, Stam-
Moraga et al. 1999). In fact, in a Swiss population, BMI in men did not vary at all
across age groups (Morabia et al. 1997).
In addition to cross-sectional studies, the few longitudinal studies support the
finding that people generally gain weight as they become older, with 60 years of
age typically marking a turning-point (Rissanen et al. 1988, Williamson et al.
1990, Lewis et al. 1997, Guo et al. 1999, Heitmann and Garby 1999). These
33
studies have shown that the most prominent increase in body weight usually takes
place in early adulthood. For example, in a Danish study, the average annual
weight change was 0.7-0.8 kg in men and 1.0-1.1 kg in women aged 30-40 years
in a ten-year follow-up. For men and women aged 50-60 years, the respective
weight increases were 0.4 kg and 0.5-0.6 kg (Heitmann and Garby 1999).
Independent of gender, ageing is associated with a decrease in skeletal muscle.
The absolute amount of skeletal muscle is preserved until an age of 50, after
which it usually decreases rapidly, especially in the lower body (Janssen et al.
2000). The rate of loss is, however, influenced by changes in body weight (Forbes
1999). Generally, skeletal muscle relative to body mass starts to decrease during
the third decade, since weight gain with age is predominantly composed of fat
(Janssen et al. 2000).
Ethnicity
The prevalence of obesity has been shown to vary across ethnic groups (Flegal et
al. 1998). These differences have been suggested to be partly due to a genetic
predisposition for obesity, which becomes apparent especially when individuals
are exposed to an affluent lifestyle, such as Pima Indians in Arizona or Australian
Aboriginals in an urban environment (World Health Organization 2000)
When assessing the level of obesity and comparing populations based on BMI,
the validity of the BMI cut-off points for obesity may differ for different ethnic
groups. Although in some studies no differences between BMI and body fat of
ethnic groups have been found (Gallagher et al. 1996), the majority of
publications together with a meta analysis carried out recently confirm that the
relationship between body fat and BMI varies across ethnic groups (Deurenberg
et al. 1998). Thus, variations in BMI between ethnic groups should be interpreted
with caution (World Health Organization 2000).
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Besides the issues of ethnic groups possibly having different genetic backgrounds
or methodological limitations, variation in BMI between different ethnic groups
may be a question of differences in body image, ideal weight and weight concern.
However, research examining the relationship between ethnicity and aspects of
weight concern has produced contradictory results (Ogden and Chanana 1998).
Some studies have shown that body dissatisfaction and dieting behaviour are
more common among white than black or Asian women (Burke et al. 1992, Smith
et al. 1999, Miller et al. 2000), whereas other studies have revealed the opposite
(Hill and Bhatti 1995, Striegel-Moore et al. 1995).
From the Finnish point of view, examples of Pima Indians and ethnical questions
overall may seem somewhat distant since the Finnish population is ethnically
quite homogeneous. Keeping in mind, however, the increasing number of
immigrants, this issue may be relevant in future assessments of obesity prevalence
in Finland. A Swedish study recently showed that obesity was less prevalent
among original Swedish people than immigrants from eastern Europe or Finland
who had been in Sweden for years (Lahman et al. 2000a). Nonetheless, results
from these kinds of studies should be interpreted with care because they are prone
to confounders such as educational level.
2.3.2. Sociocultural factors: education and family situation
Educational level
The socioeconomic gradient in obesity is amply documented in the literature
(Lissner 1997). Especially in women, a strong inverse association between
obesity and socioeconomic status (SES), mostly assessed by educational level,
has been reported in numerous affluent populations (Sobal and Stunkard 1989,
Bennett 1995, Wamala et al. 1997, Rahkonen et al. 1998, Stam-Moraga et al.
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1999, Wardle and Griffith 2001). For instance, almost all populations in the WHO
MONICA study showed that education was inversely associated with BMI in
women, the difference between the highest and lowest educational tertiles ranging
from –3.3 to 0.4 kg/m2. This association was less consistent in men, although in
about half of the populations in the 1990s an inverse association was observed. In
most of the other populations, no association between education and BMI was
found. The results suggested a positive association only in some eastern and
central European populations (Molarius et al. 2000). In a recent British study,
men with a low SES had the lowest BMI (Wardle and Griffith 2001). By contrast,
many studies have found that men with a low SES have a higher BMI than men
with a higher SES (Sobal and Stunkard 1989, Bennett 1995, Stam-Moraga et al.
1999), although the pattern for men is less clear than for women (Sobal and
Stunkard 1989, Pietinen et al. 1996, Lissner 1997, Stam-Moraga et al. 1999).
These large BMI differences by SES in women have been suggested to be due to
a higher frequency of weight monitoring, a lower threshold for defining
themselves as overweight and more eagerness in weight control efforts among
subjects with a high SES (Wardle and Griffith 2001). In a Swedish study, more
than half of the association between low SES and obesity was explained by
reproductive history, unhealthy dietary habits and psychosocial stress (Wamala et
al. 1997). Thus, some of the SES differences in BMI may be accounted for by
demographic and behavioural factors. Similarly, SES may confound associations
observed between health behaviour and BMI. Overall, complex interactions likely
underlie these phenomena.
The consistency of these SES-obesity associations over time has been examined
in a few cross-sectional studies, with contradictory results. Differences between
educational groups were observed to increase in about two-thirds of the WHO
MONICA populations over ten years (Molarius et al. 2000), whereas no
indication of an increase was detected in a German (Helmert et al. 1995) or a
Swedish population (Lissner et al. 2000). In addition, these secular trends have
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been shown to vary by gender such that BMI trends in different educational
groups diverge more for women than for men (Bennett 1995, Gutiérrez-Fisac et
al. 1996, Peltonen et al. 1998).
Results from longitudinal studies are controversial as well. In Sweden, less
educated men were shown to gain less weight than men with higher education
(Sundquist and Johansson 1998), whereas in a Finnish study, subjects with low
education were more likely to gain weight than well-educated men and women
during a five-year period (Rissanen et al. 1991). Overall, associations between
SES and obesity, and the consistency of this association appear to vary across
countries, perhaps on the basis of affluence of the country (Molarius et al. 2000)
Marital status
Marital status has been found to be associated with BMI and obesity, although
this relationship is not well established. Several (Kahn et al. 1991, Rosmond et al.
1996), but not all (Tavani et al. 1994, Wamala et al. 1997) cross-sectional studies
have shown married or cohabiting subjects to have a higher BMI than subjects
living alone. A study carried out in the European Union suggests single subjects
(data on men and women analysed together) are less likely to be obese than
married or previously married subjects (Martínez et al. 1999). Furthermore, in a
US study, married men were found to more likely be obese than never married or
previously married men. In women, however, marital status was not associated
with obesity (Sobal et al. 1992). In contrast, in Belgium and Spain, married
women but not men had a higher BMI compared with single women (Stam-
Moraga et al. 1999, Aranceta et al. 2001). Cultural differences, e.g. in traditional
gender roles, may explain these inter-country variations.
Overweight tends to increase after marriage. In a few longitudinal studies, the
BMI of those who got married during the follow-up period increased more than
those retaining the same marital status as at the beginning of the study (Kahn et
37
al. 1991, Rissanen et al. 1991, Sundquist and Johansson 1998). In a US study,
men getting married or remaining unmarried were shown to be more likely to gain
weight over a ten-year period than men who were consistently married. However,
a marriage ending (divorced, widowed) was associated with weight loss (Kahn
and Williamson 1990).
Number of children
Childbearing has been suggested to be a contributor to obesity in women, with
pregnancy belonging to the vulnerable period for development of obesity (World
Health Organization 2000). Parity has been observed to be positively associated
with BMI in several (Heliövaara and Aromaa 1981, Tavani et al. 1994,
Björkelund et al. 1996), but not all (Wamala et al. 1997), cross-sectional studies.
In most longitudinal studies as well, parity has been identified as a predictor of
weight gain (Rissanen et al. 1991, Brown et al. 1992, Williamson et al. 1994,
Lahman et al. 2000b). The average weight gain associated with childbearing
appears, however, to be quite modest after controlling for ageing, which has been
identified as a much stronger determinant of BMI increase (Brown et al. 1992,
Smith et al. 1994, Williamson et al. 1994).
The effect of childbearing on body weight may be due to environmental factors
rather than being purely biological. This is supported by findings in which post-
partum weight retention has been shown to be more affected by a change in
lifestyle during and especially after pregnancy than before pregnancy, both in the
general population (Öhlin and Rössner 1994) and in obese women (Rössner and
Öhlin 1995).
The number of children may not have an effect on women’s weight alone, since in
a study carried out in England and Scotland, having several children in the family
was associated with overweight in both parents (Rona and Morris 1982). This
finding is supported by another study showing that the number of household
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members aged under 20 years was associated with obesity both in men and
women (Sobal et al. 1992).
2.3.3. Dietary intake, physical activity, alcohol consumption and smoking
This section examines dietary intake and physical activity in relation to BMI and
obesity, regarding them as behavioural factors rather than sources of energy
intake or consumption. It is important to note that weight changes observed in
populations over time are generally so small that they are unlikely to be detected
by existing methods for measuring energy expenditure and energy intake in
populations (Seidell 1997, Heitmann and Garby 1999). Alcohol consumption and
smoking habits are also discussed as lifestyle factors.
Food choices and dietary intake
Nutrition is of critical importance in establishing a positive energy balance. Of the
nutritional factors related to obesity, dietary fat intake is widely believed to be the
primary determinant of body fat (Bray and Popkin 1998). High-fat diets have
been suggested to promote obesity by increasing energy intake, further increasing
the likelihood of a positive energy balance and weight gain (Ravussin and
Tataranni 1997, Hill et al. 2000). This has been proposed to be due to the greater
flavour and palatability of high-fat foods and their high-energy density (Poppitt
1995) but weak effect on satiation (Blundell and Macdiarmid 1997, Rolls 2000).
From epidemiological studies, however, evidence for a high-fat diet promoting a
positive energy balance and development of obesity is not definitive (Lissner and
Heitmann 1995, Seidell 1998). As reviewed by Lissner and Heitmann (1995),
most of the cross-sectional studies have shown a positive association between the
percentage of dietary fat and BMI. Some recent studies support this finding
(Tremblay et al. 1995, Doucet et al. 1998), although in other studies this
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association has been found in men only (Macdiarmid et al. 1996, Blokstra et al.
1999, Stam-Moraga et al. 1999). Interestingly, an inverse association was
reported in a study that showed that women with a higher BMI reported a lower
fat intake than women with a lower BMI (Hjartåker and Lund 1998).
Results from prospective studies on dietary fat intake and weight gain are also
inconsistent (Lissner and Heitmann 1995, Williamson 1996, Seidell 1998). A
positive association between dietary fat intake and weight gain has been observed
in many (Klesges et al. 1992, Coakley et al. 1998, Sherwood et al. 2000), but not
all (Colditz et al. 1990, Jorgensen et al. 1995) studies. The association has
occationally been found only in men (Kant et al. 1995) or among women who
were genetically predisposed to obesity (Heitmann et al. 1995). In Rissanen et al.
(1991), women with dietary fat intake in the highest quintile were more likely to
gain weight than women with lower fat intake. No association was found among
men. It is noteworthy, however, that fat intake was not adjusted for energy intake,
and similar associations were also observed for other macronutrients. Bild et al.
(1996) also observed a low baseline fat intake to be associated with weight loss in
young women but not in men.
The inconsistency of associations between fat intake and obesity is
comprehensible when the limitations of epidemiological measures are kept in
mind. These limitations include the under-reporting of fat intake by obese
subjects as well as obesity leading to dieting behaviour, which in turn may result
in lower fat intake among those who attempt to lose weight (Seidell 1998).
In all, the debate about the role of high-fat diets in promoting obesity has gained
much attention. While ample research has been suggested to provide strong
evidence that consumption of a high-fat diet increases the likelihood of obesity
(Bray and Popkin 1998, Hill et al. 2000), it has also been concluded that high-fat
diets do not appear to be the primary cause of high obesity prevalence (Willet
1998), and that conclusive evidence of dietary fat intake playing a larger role than
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other macronutrients in promoting development of obesity is lacking (Seidell
1998).
The importance of energy density in promoting obesity has been emphasized
recently (Rolls 2000). The high-energy density of a high-fat diet rather than its fat
content has been proposed as a reason for overconsumption of foods high in fat
(Poppitt and Prentice 1996, Bell et al. 1998). Independently of fat content, energy
density may be a strong determinant of energy intake, as was shown in a recent
study in which high- and low-fat diets matched for energy density, palatability
and fibre resulted in similar energy intakes over nine days (McCrory et al. 2000).
Energy density, not fat content, of the foods was shown to affect total energy
intake at meals in both lean and obese women (Rolls et al. 1999). Until now,
limited data have been available for comparing energy densities of diets
consumed by people with different BMIs (Poppitt and Prentice 1996). In one
study, obese subjects appeared to consume a diet higher in energy density
compared with lean subjects (Cox et al. 1999), whereas in another study, energy
density was found to be related to BMI in men but not in women (Marti-
Henneberg et al. 1999). In practice, however, energy-dense diets also tend to have
high-fat content (Poppitt 1995). Occasionally, some commercial low-fat foods
may include sugars and other energy-yielding substances, thus remaining high in
energy and having high-energy density. In these cases, lower in fat does not mean
lower in energy. Thus, a low-fat message may give people a false license to
overeat (Rolls and Miller 1997).
Dietary factors that are less frequently examined as potential determinants of
overeating include fibre, glycemic index and dietary variety (Roberts and Heyman
2000). Intake of fibre has been observed to be inversely associated with BMI in
some cross-sectional surveys (Appleby et al. 1998, Delvaux et al. 1999). In one
study, men but not women with a high BMI were reported to have a low fibre
intake (Slattery et al. 1992), whereas another study showed that women with a
high BMI reported higher fibre intake than women with a low BMI (Hjartåker and
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Lund 1998). The roles of glycemic index and dietary variety in energy balance
and thus in promoting obesity remain controversial (McCrory et al. 1999, 2000,
Ludwig 2000).
Overall, population-based studies on diet and obesity have reported inconsistent
results, which have been attributed to several factors including weaknesses in
study design, methodological errors in estimating energy and nutrient intakes, and
confounding factors (Lissner and Heitmann 1995, Seidell 1998). Regarding
studies on energy density, for example, these values may differ markedly
depending on the method of calculating energy density (Cox and Mela 2000).
Furthermore, underreporting of dietary intake, which has been shown to be BMI-
dependent, may distort the relationship between dietary intake and obesity.
Several studies have observed that obese subjects tend to underreport their dietary
intake more than others (Heitmann 1993, Lafay et al. 1997, Heerstrass et al. 1998,
Johansson et al. 1998, Heitmann et al. 2000). Some reports also suggest that foods
high in fat and/or carbohydrates may be more commonly underreported
(Heitmann and Lissner 1995).
To summarize, numerous dietary factors have been suggested to be associated
with obesity. To date, however, there is no conclusive evidence from
epidemiological studies that any special composition diet promotes the
development of obesity more than other diets.
Physical activity
Physical activity has three main components: occupational work, household
chores and leisure-time physical activity (World Health Organization 2000). This
overview is focused mainly on the latter component due to the shortage of
epidemiological studies reporting on the role of work and household activities in
obesity.
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Physical activity has been shown to be inversely associated with BMI in
numerous cross-sectional studies (Gutiérrez-Fisac et al. 1996, Rosmond et al.
1996, Blokstra et al. 1999, Martínez-González et al. 1999, Stam-Moraga et al.
1999), and obese subjects have been observed to be physically less active than the
non-obese (Miller et al. 1990, Cooper et al. 2000). However, in some studies, no
association between physical activity and BMI has been found (Seidell et al.
1991, Tremblay et al. 1995), or an inverse association has been observed only in
women (Slattery et al. 1992, Fentem and Mockett 1998).
In an Australian study, physical activity was not directly associated with being
overweight. Instead, regardless of physical activity pattern, subjects who reported
watching TV more than four hours daily were twice as likely to be overweight
than subjects watching TV less than one hour per day (Salmon et al. 2000). Hours
of television viewing was also observed to be positively associated with BMI in
Swedish men (Rosmond et al. 1996) and US women but not men (Jeffery and
French 1998). Similarly, subjects spending more than 35 hours a week of their
leisure time sitting down were 1.6 times more likely to be obese than subjects
who spent less than 15 hours per week sitting down (Martínez-González et al.
1999).
Prospective studies have produced more inconsistent estimates of the effect of
physical activity on weight gain (Williamson 1996, Fogelholm and Kukkonen-
Harjula 2000). However, most studies with data on physical activity collected at
the end of the follow-up have shown an inverse association between physical
activity and weight gain (Rissanen et al. 1991, Williamson et al. 1993, Haapanen
et al. 1997, Barefoot et al. 1998, Delvaux et al. 1999). When data on physical
activity were collected at baseline, the pattern was less clear. In some studies, an
inverse association between baseline physical activity level and weight gain has
been observed in men only (Haapanen et al. 1997), or no association has been
found in men or in women (Williamson et al. 1993, Parker et al. 1997). In
contrast, in some studies, women who reported higher levels of activity (Owens et
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al. 1992) or higher leisure activity and work activity (Klesges et al. 1992) have
been shown to have less weight gain over time. In men, higher baseline sports
activity was surprisingly associated with increased weight gain (Klesges et al.
1992). In addition, television viewing has not been shown to predict changes in
BMI (Crawford et al. 1999).
By using data from both baseline and follow-up, numerous studies have shown
that those who became more active gained less weight than those remaining
inactive (Owens et al. 1992, Williamson et al. 1993, French et al. 1994, Taylor et
al. 1994, Haapanen et al. 1997, Coakley et al. 1998), and those who became
inactive had a larger increase in BMI than those who remained physically active
(Haapanen et al. 1997, Sundquist and Johansson 1998, Sherwood et al. 2000).
Furthermore, in a US study, a decrease in work activity appeared to be associated
with higher weight gain, but only in women (Klesges et al. 1992).
Studies on physical activity and body weight suffer, however, from similar
methodological problems as studies on dietary intake. In epidemiological studies,
physical activity is often assessed with questionnaires rather than for example
accelerometers, giving only a crude estimate on habitual physical activity
(Wareham and Rennie 1998). Thus, confounding, biased reporting and
measurement error make it difficult to interpret results. In recent reviews, habitual
physical activity has been concluded to play an important role in attenuating age-
related weight gain (DiPietro 1999) and maintaining body weight (Fogelholm and
Kukkonen-Harjula 2000).
Alcohol consumption
Studies on BMI and alcohol consumption have also yielded inconclusive results.
Epidemiological findings regarding the association of alcohol consumption with
body weight have been controversial (Macdonald et al. 1993, Jéquier 1999,
Westerterp et al. 1999). Out of 38 studies reviewed by Macdonald et al. (1993),
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an equal number of studies (n=12) showed either a positive or negative
association between alcohol consumption and BMI, whereas in 14 studies no
correlation was observed. Interestingly, in most of the studies reporting a positive
association, this finding was restricted to men, whereas in women, the association
has usually been the inverse (Molarius and Seidell 1997, Westerterp et al. 1999,
Brunner et al. 2001). It has also been suggested that subjects with moderate
alcohol consumption weigh less than non-drinkers and subjects with heavier
alcohol consumption, both in men and women (Colditz et al. 1991). Furthermore,
weight gain over time has been shown to be greatest for persons with heavy
alcohol consumption in some (Rissanen et al. 1991) but not all (Haapanen et al.
1997) studies.
Alcohol is a considerable component of the diet in many countries, providing
about 3-9% of daily energy intake (Westerterp et al. 1999). However, its
contribution to the total daily energy intake, and further, to energy balance is
unclear. In one Finnish study (Männistö et al. 1996a), as in most of the studies
reviewed by Westerterp et al. (1999), alcohol seemed to supplement rather than
substitute for energy intake derived from food, whereas in another Finnish study,
alcohol displaced food-derived daily energy intake in men, but in women, both
total daily intake and food-derived energy intake was lower in alcohol consumers
than abstainers (Männistö et al. 1997). Furthermore, despite their higher total
energy intake, alcohol consumers were observed to have a lower BMI than
abstainers in several studies reviewed by Hellerstedt et al. (1990) and Prentice
(1995).
Similarly to measuring food intake, measuring alcohol consumption is liable to
reporting errors and to being influenced by cultural differences (Caetano 1998, de
Vries et al. 1999). However, the reporting errors generally seem to be of a linear
nature, and thus, although being unreliable for assessing actual alcohol intake, the
ranking of individuals according to their reports has been suggested to be relative
stable (de Vries et al. 1999). Another methodological issue worth acknowledging
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is that abstainers tend to form quite a heterogeneous group. This is because the
group of non-drinkers includes both former drinkers and lifetime abstainers with
different reasons (health, conviction, etc.) for not drinking (Rehm 1998). In a
Canadian study, former alcohol users were more likely to be obese than current
and never-consumers (Cairney and Wade 1998). Thus, the findings regarding
non-drinkers should be interpreted with caution, especially if the drinking history
of the respondents is unavailable.
Smoking habits
Numerous studies have shown that smoking is associated with lower BMI
(Albanes et al. 1987, Kromhout et al. 1988, Barrett-Connor and Khaw 1989,
Istvan et al. 1992, Molarius et al. 1997). In 20 of the male and 30 of the female
populations out of 42 WHO MONICA combined sex populations, regular
smokers had lower BMI compared with never-smokers, whereas no population
with smokers having higher BMI than never-smokers was observed (Molarius et
al. 1997). However, the relationship between smoking and BMI changing from an
inverse association to a positive one was reported in the late 1980s in a Finnish
study (Marti et al. 1989). Furthermore, in some recent studies, smoking habits
have been found not to be related to BMI  (Seidell et al. 1991, Slattery et al. 1992,
Cairney and Wade 1998). Thus, it seems that the finding of smokers being leaner
than non-smokers may not be as clear as earlier, especially in populations with
fewer smokers and more ex-smokers (Molarius et al. 1997). In addition, some
prospective studies have suggested that smokers gain more weight than non-
smokers during the follow-up period (Williamson et al. 1991).
In prospective studies, smoking cessation has been shown to lead to an increase in
weight (Rissanen et al. 1991, Williamson et al. 1991, Coakley et al. 1998, O’Hara
et al. 1998). In several cross-sectional studies, in turn, ex-smokers have been
observed to be heavier than non-smokers in both genders (Chen et al. 1993,
Simmons et al. 1996) or in men only (Boyle et al. 1994, Tavani et al. 1994,
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Molarius and Seidell 1997, Molarius et al. 1997), whereas in other studies no
association has been found in either gender (Albanes et al. 1987, Seidell et al.
1991). Although some reports have suggested that the influence of smoking
cessation on BMI may diminish with increasing years after smoking cessation
(Chen et al. 1993, Mizoue et al. 1998), this finding has not been confirmed in
prospective studies (O’Hara et al. 1998).
The association between smoking status and BMI may be modified by social and
behavioural factors, the level of education being a strong confounding factor. A
study in Finland recently showed that smokers weighed less than never-smokers
at the lowest educational level, whereas at the highest level, they weighed more
than never-smokers (Laaksonen et al. 1998). This finding regarding men was
supported by a study in the Netherlands (Molarius and Seidell 1997).
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3. Aims of the study
The purpose of this thesis was to describe changes in body mass index and
obesity in Finnish adults as well as to identify possible risk groups with
undesirable trends in obesity by assessing associations of BMI and obesity with
demographic, socioeconomic and behavioural factors.
The specific objectives of this thesis were as follows:
1. to describe changes in BMI and the prevalence of obesity by age, education
(I,II) and occupation (I) during the past few decades,
2. to investigate whether changes in BMI and obesity with age over a 25-year
period differ by gender and birth cohort (II),
3. to evaluate changes in waist-to-hip ratio over a ten-year period (III),
4. to examine associations between obesity and lifestyle factors (III, IV), and their
consistency over  time (IV).
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4. Subjects and methods
4.1. Participants
This study is part of the national FINRISK studies (Vartiainen et al. 2000). Six
cross-sectional population surveys were carried out to assess the levels of
cardiovascular risk factors in two eastern Finnish provinces, North Karelia and
Kuopio (Figure 3). These surveys were performed at five-year intervals starting
in 1972, with the latest being done in 1997. Study II comprises data collected in
eastern Finland between these years. In 1982, the surveys were expanded to
include a third, southwestern region, the cities of Turku and Loimaa, and their
nearby rural communities. Thus, four of the above-mentioned cross-sectional
surveys also cover southwestern Finland. Studies I and IV contain data collected
in these three regions between 1982 and 1997. Study III, in turn, includes data
from these three regions from 1987 onwards, when measurements on waist and
hip circumferences became available.
Figure 3. The map of Finland indicating the regions surveyed.
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For each survey, a random independent sample was drawn from the population
register. These included men and women 25-64 years of age, with the exception
of the survey in 1972, in which subjects were born between 1913 and 1947, i.e.
were aged 25-59 years.  In the two first surveys (1972 and 1977), the samples
included 6.6% of the population born between 1913 and 1947. An additional
sample of 6.6% of the population born between 1948 and 1952 was drawn from
North Karelia only in 1977. Between 1982 and 1997, the samples were stratified
according to the WHO MONICA protocol (WHO 1988). Thus, each region,
gender and ten-year age strata included at least 250 subjects. Due to a
modification of the sampling procedure, the samples in the 1970s were larger than
in subsequent surveys. This modification, otherwise, had little effect upon the
data since the population of 25-64 -year-olds was equally distributed over each
ten-year age group.
Altogether, these surveys included 45 777 subjects, of which 22 200 were men
and 23 577 women. The participation rate varied by year from 68% to 87% in
men, and from 74% to 90% in women, being at its highest in the early 1970s and
at its lowest in the late 1990s. The number of participants and the participation
rate in each survey are presented in Table 5.
Table 5. Number of participants and participation rates in two regions of eastern Finland
combined and in southwestern Finland in each survey year.
Year
Eastern Finland
Men                   Women
Southwestern Finland
Men                     Women
1972 5055 (86%) 5238 (88%)
1977 5288 (87%) 5592 (90%)
1982 3011 (78%) 3029 (84%) 1598 (81%) 1702 (86%)
1987 2243 (75%) 2462 (83%)  731 (76%)  796 (83%)
1992 1425 (72%) 1632 (83%)  749 (75%)  832 (84%)
1997 1417 (71%) 1548 (77%)  683 (68%)  746 (74%)
                             Study II
Studies I,IV
Study III
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To evaluate the effects of sample stratification on the results, the distribution of
participants by age and region in relation to the actual population was calculated.
These results are presented in Table 6.
Table 6. Proportion of participants (%) in relation to the actual population in each region,
ten-year age group, and survey year, with men and women assessed separately.
Age
(years)
1982 1987 1992 1997
Men
North Karelia 25-34
35-44
45-54
55-64
2.1
3.4
4.0
5.0
2.2
2.6
4.0
4.5
1.1
1.1
1.6
2.0
1.6
1.2
1.4
2.3
Kuopio 25-34
35-44
45-54
55-64
2.0
2.5
2.4
2.2
0.8
0.9
1.5
1.5
0.9
0.8
1.3
1.5
0.9
0.8
0.9
1.6
Southwestern Finland 25-34
35-44
45-54
55-64
1.9
2.8
3.6
4.6
1.0
1.2
1.8
1.7
1.1
1.1
1.5
2.2
1.0
1.2
1.2
1.9
Women
North Karelia 25-34
35-44
45-54
55-64
2.9
4.2
4.4
4.3
2.9
3.3
4.8
4.1
1.5
1.4
2.1
2.2
1.7
1.4
1.7
2.1
Kuopio 25-34
35-44
45-54
55-64
1.7
2.0
2.2
2.6
1.0
1.1
1.6
1.4
1.1
1.1
1.4
1.5
1.1
1.0
1.2
1.5
Southwestern Finland 25-34
35-44
45-54
55-64
2.1
3.3
3.5
3.4
1.2
1.3
1.8
1.6
1.2
1.4
1.6
1.8
1.1
1.3
1.2
1.8
In Study III alone, pregnant women (n=145) were excluded from the analyses.
Data on pregnancies have been available since 1987.
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4.2. Measurements
4.2.1. Anthropometric measurements
In each survey, participants were invited to a health examination at a local health
care centre. As of 1982, survey methods followed the WHO MONICA protocol
(WHO 1988), which is similar to the study protocol applied in the 1970s.
At the examination, trained study nurses measured participants’ weight and
height. Measurements were taken with subjects wearing light clothing and no
shoes. Weight was measured using balance scales to within 100 g. Height was
measured to the nearest 0.5 cm using a height rule taped vertically to a wall. BMI
was computed as weight/height2 (kg/m2).
Starting in 1987, waist and hip circumferences were measured as well, with
participants standing and wearing light clothing. The measurement of waist
circumference was taken midway between the lower rib margin and the iliac crest
with the participant exhaling gently. Hip circumference was measured at the level
of the widest circumference over the greater trochanters. Both waist and hip
circumferences were rounded up to the nearest 0.5 cm. Waist-to-hip ratio (WHR)
was calculated as waist divided by hip.
4.2.2. Questionnaire
Along with the invitation to the survey, a self-administered questionnaire was sent
to the subjects to be completed at home before arrival at the health care centre,
where it was checked by the study nurses. It covered questions on socioeconomic
factors, medical history, perceived health and lifestyle.  In this thesis, we used
questions on education (I-IV), occupation (I), perceived health and food choices
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(IV), as well as on physical activity, alcohol consumption and smoking history
(III,IV).
Educational level was measured as the total number of school years completed.
Based on these, subjects were divided into three groups within each birth year to
control for improved educational level over time. In other words, the number of
school years has increased in Finland over the past few decades such that younger
generations have a better opportunity of receiving a higher education.
Occupation was inquired about with seven possible response categories including
farmer, blue-collar worker, white-collar worker, student, housewife, pensioner
and unemployed.
The number of questions assessing the subject’s diet and food choices varied
across the surveys. Bearing in mind secular trends, we used only questions
included in all surveys. These questions were of three types. First, the types of
food usually consumed were evaluated (milk, cooking fat, fat on bread). Second,
the amount of food consumed daily was assessed (glasses of milk and sour milk,
slices of bread, cups of coffee and tea). Finally, frequency of consumption of
vegetables and sausages was determined.
The measurements for physical activity had several components. In this thesis, we
used questions on physical activity both for categorizing subjects according to
their physical activity (IV) and for estimating their energy expenditure (III).
Estimates on energy expenditure were calculated as described by Fogelholm et al.
(1996), using metabolic equivalents (MET), which were calculated as activity
energy expenditure divided by resting energy expenditure (Ainsworth et al. 1993).
Occupational activity was originally inquired about with four response categories,
from physically very light office work to strenuous work. In Study IV, we
combined the first two and the last two groups, defining the work of participants
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as either physically light or heavy. To evaluate physical activity during travel to
and from work, the subjects were asked whether they walked, cycled or used
motorized transportation, and the daily duration of this activity.
Leisure-time physical activity was assessed using three questions. In the first
question, the type of leisure-time activity was measured with four alternatives
varying from no activity to heavy competitive training several times per week.
Because of the small number of subjects reporting competitive training, the third
and fourth groups were combined in Study IV. Furthermore, weekly time spent on
leisure-time physical activity was calculated as the product of frequency times
duration, using questions on the frequency of leisure-time activity with six
response alternatives and on the duration of these exercise sessions with five
alternatives.
Alcohol consumption was assessed with questions on type (beer, wine, liquor),
frequency and amount of alcohol consumed during the previous week. Based on
this information, an alcohol index was calculated indicating the intake of absolute
alcohol in grams per week.
Smoking was assessed using a standard set of questions. Based on the responses,
participants were classified into four groups: those who had never smoked (never-
smokers), those who had quit smoking at least six months previously (ex-
smokers), those who had quit smoking less than six months previously and those
currently smoking (smokers).  We combined the latter two categories, defining as
smokers also those who had quit smoking less than six months previously.
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4.3. Statistical methods
In all analyses, data from different regions and from different survey years were
pooled such that the year of the survey was used as a factor in the analyses.
Trends in the mean anthropometric measurements were tested by analysis of
variance (ANOVA) using the generalized linear model (GLM) procedure of the
SAS statistical package with the anthropometric measurement as a dependent
variable. Adjustment for region and age was performed. All analyses were done
both adjusting and not adjusting for height because the mean height of Finnish
adults increased during the study years. Since the results were the same, height
was not included in the final models. Secular changes in lifestyle factors were
analysed by analysis of variance as well, except for tests of proportions, which
were analysed using a chi-square test.
Effects of the sample procedure, i.e. stratification by age and region, on the results
of overall prevalences were tested by calculating the prevalence of obesity
(BMI∃30 kg/m2) and the proportions of men and women with WHR exceeding
1.00 and 0.85, respectively, using sampling weights. These weights were derived
from the age distribution of the actual population in three survey regions in each
survey year. The sample weights were not used in other analyses.
Tests for secular trends in mean BMI or WHR by subgroup (age, education,
occupation) were carried out using two models. In the first model, year and
variable of interest were included to examine the main effects of these factors. In
the second model, an interaction term, including year by the variable of interest,
was added to determine whether these trends varied across subgroups. Analyses
concerning trends by occupation were adjusted for age. Models for analysing
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trends by education did not include age because age had been taken into account
when the education variable was created.
Changes in the prevalence of obesity or abdominal obesity overall, and by age
and education were examined with log-linear models, in which the variable of
being obese as a dependent variable, and region, year and age or education with
relevant interaction terms as independent variables were included.
Associations between lifestyle factors and obesity were evaluated by logistic
regression using odds ratios (OR) and corresponding 95% confidence intervals
(95% CI). These analyses were done both using single models with one lifestyle
factor in a model at a time controlled for age and education only, and using
multivariate models having all the variables with age and education in the same
model. Similarly, associations between lifestyle factors and mean BMI were
evaluated by linear regression with BMI as a dependent variable.
Data were mostly analysed separately for men and women, except when testing
whether phenomena varied across genders. These tests were carried out by
including sex and relevant interaction terms by sex in the models.
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5. Results
5.1. BMI and prevalence of obesity
Mean BMI increased from 26.3 to 27.1 kg/m2 (p<0.001) in men, and from 25.8 to
26.2 kg/m2 (p<0.001) in women between 1982 and 1997 (I). Simultaneously, the
prevalence of obesity (BMI≥30 kg/m2) increased from 15.4% to 19.8% (p<0.001)
in men, and from 17.2% to 19.4% (p=0.006) in women (I,IV). In addition, the
proportion of subjects with a BMI of at least 35 kg/m2 increased from 2.2% to
4.5% in men, and from 4.7% to 6.6% in women over 15 years (Figure 4).
Figure 4. Proportions of men and women with BMI≥30 kg/m2 between 1982 and 1997 (I).
When the prevalence of obesity for all age groups (25-64 years) was calculated using
sampling weights, age-standardization resulted in lower prevalences (Table 7).
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Table 7. Prevalence of obesity (%, BMI≥30 kg/m2) in men and women between 1982 and
1997. Crude prevalences and estimates standardized for age-distribution in survey regions.
Men Women
Year Crude Age-standardized Crude Age-standardized
1982 15.4 14.5 17.2 14.8
1987 17.5 15.9 20.2 18.1
1992 19.9 18.0 19.5 17.6
1997 19.8 18.1 19.4 17.8
Using an equation that a difference of one unit of BMI (kg/m2) corresponds to a
weight difference of 3.1 kg for a man of average height (175 cm), and 2.6 kg for a
woman of average height (161 cm), subjects with a BMI of at least 30 kg/m2  were
calculated to carry 31 kg more than those whose BMI lies between 18.5 and 25
kg/m2 (Table 8). Subjects with overweight (BMI=25-29.9 kg/m2) also carry a
considerable amount of extra weight (13 kg) compared with normal-weight
subjects.
Table 8. Comparisons of body weight in normal-weight (BMI=18.5-24.9 kg/m2),
overweight (BMI=25-29.9 kg/m2) and obese (BMI≥30 kg/m2) subjects, and weight
difference between overweight/obese subjects and  BMI=25 kg/m2.
Compared with subjects
with BMI=18.5-24.9 kg/m2
Compared with
BMI=25 kg/m2
Men Women Men Women
Overweight subjects
(BMI=25-29.9 kg/m2) + 13 kg + 13 kg + 7 kg + 6 kg
Obese subjects
(BMI≥30 kg/m2) + 31 kg + 31 kg + 25 kg + 24 kg
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5.1.1. Age
The most prominent increase in mean BMI over time occurred in the oldest men
(I,II). Furthermore, in young adults, both male and female, the mean BMI was
significantly higher in 1997 than in 1982 (interaction age by year: p<0.001 for
men and p=0.048 for women). A similar phenomenon was observed in the
prevalence of obesity (Figure 5).
Figure 5. Prevalence of obesity by age in men and women between 1982 and 1997 (I).
Although the increase of both mean BMI and prevalence of obesity over time
occurred more strongly in men than women (I), a BMI increase with age was
more prominent in women (4.2 kg/m2 in 25 years) than in men (3.3 kg/m2 in 25
years). In women, however, weight gain remained unchanged over the 25-year
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period, whereas in men, the younger the birth cohort, the more prominent the
BMI increase with age (II). In men, the corresponding increase was much
stronger in the youngest birth cohorts compared with the oldest cohorts. In
contrast, the older the age group, the higher the prevalence of obesity in women
regardless of the birth cohort (Figure 6).
Figure 6. Mean BMI by birth cohort in five-year age groups in men and women (II).
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5.1.2. Education
Strong inverse associations of education with mean BMI and obesity (p<0.001)
were observed in women (I,II). The association between education and mean BMI
strengthened over a 15-year period such that the most prominent increase was
observed among women with the lowest education (interaction education by year:
p=0.04).  However, this social gradient did not widen in the 1990s, nor did
differences between educational groups in the prevalence of obesity over the 15-
year period (Figure 7). Overall, the mean BMI was 1.5 kg/m2 greater and the
prevalence of obesity was 9%-units higher in women with the lowest education
compared with highly educated women in 1997 (I). In addition, after taking into
account women’s birth year, the BMI difference between the lowest and highest
educational groups reached its maximum of 2.5 kg/m2 in women born between
1933 and 1952 (II).
Figure 7. Prevalence of obesity by education in men and women between 1982 and 1997 (I).
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In men, neither the BMI increase nor the changes in the prevalence of obesity
over time varied across educational groups (p>0.05); similar upward trends were
observed in all educational groups (I). However, when birth year was taken into
account, the lowest increase in mean BMI was observed among the highly
educated in the oldest birth cohorts, i.e. in men born between 1913 and 1928
(interaction between birth cohort, education and year: p=0.03). The BMI increase
over time did not vary across educational groups in younger birth cohorts (II).
Although to a lesser extent than in women, the prevalence of obesity also varied
across educational groups in men such that it was highest among less educated
subjects (Figure 7).
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5.1.3. Occupation
Changes in mean BMI over the 15-year period varied across occupational groups
(interaction occupation by year: p=0.004) in men (Figure 8). The most prominent
increase was observed in retired men, 1.7 BMI-units in 15 years. The BMI
increase was also marked in unemployed men (1.3 units) and in male students
(1.2 units). The strongest upward trend in BMI was found among men who were
outside the labour force. In contrast, in women BMI changes over time did not
differ by occupation (I).
Figure 8. Mean BMI by occupation in men and women between 1982 and 1997 (I).
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5.1.4. Lifestyle factors
Leisure-time physical activity and perceived health were inversely associated with
obesity both in men and women (Table 9). An inverse association was also found
Table 9.  Associations of obesity1 (BMI>30 kg/m2) with physical activity, food choices
and perceived health (IV).
Men
I            II2
Women
I             II2
Work activity:   Light (reference, ref.)
                          Heavy
                          Not working
0.76
-
0.70
-
1.60
1.83
1.40
1.29
Walking/cycling to work: <15 min/day (ref.)
                                            15-44 min/day
                                           ∃45 min/day
                                           Not working
0.83
-
1.15
-
-
0.68
0.55
1.22
0.71
0.57
Activity level at leisure time:  Low (ref.)
                                                 Medium
                                                 High
0.78
0.42
0.82
0.47
0.59
0.31
0.65
0.39
Leisure-time physical activity: < 20 min/week (ref.)
                                                 20-44 min/week
                                                 45-150 min/week
                                                 >150 min/week
                                                 Unable to exercise
-
0.87
0.75
1.37
-
-
-
-
-
0.78
0.69
1.67
-
-
-
-
Consumption of vegetables:  <Daily (ref.)
                                               Daily 0.79 - 0.75 -
Consumption of sausages: <Once a month (ref.)
                                           1-2 x month
                                           Once a week
                                           Twice a week
                                           Almost daily
-
1.39
1.66
1.84
-
1.43
1.62
1.87
-
1.37
1.50
2.33
-
1.31
1.29
1.84
Consumption of bread, slices per day - - 0.95 0.94
Consumption of milk , glasses per day 1.07 1.12 1.10 1.09
Consumption of sour milk, glasses per day 1.09 1.15 1.12 1.09
Consumption of coffee, cups per day - - 1.04 1.03
Consumption of tea, cups per day - - 0.93 -
Perceived health:         Good (ref.)
                                     Average
                                     Poor
1.66
2.14
1.44
1.87
1.73
2.47
1.55
1.87
1Only significant odd ratios presented (95% CI did not include unity).
2 I=association based on a single model controlled for age and education,
  II=a multivariate model with age, education and all the variables presented in the table.
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between daily consumption of vegetables and obesity after adjustment for age and
education. This association was, however, attenuated after adjustment for other
lifestyle factors. In addition, bread consumption in women and work activity in
men had inverse associations with obesity. A positive association was observed
between obesity and consumption of sausages, milk and sour milk. In women,
heavy work and coffee consumption were also associated with obesity (IV).
Similar results were found when associations between mean BMI and lifestyle
factors were investigated. Most associations did not vary across the survey years.
However, the inverse association of BMI with physical activity at leisure time,
particularly in women, seemed to strengthen (p-values for interaction between
year and leisure-time physical activity: 0.0027 for men and 0.0022 for women)
over the 15-year period (Figure 9), as did perceived health, particularly in men (p-
values for interaction between year and perceived health: 0.0001 for men and
0.020 for women).
Figure 9. Physical activity level at leisure time and BMI in men and women between 1982
and 1997.
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Women preferring skim milk were more likely to be obese (OR 1.25, 95% CI
1.01-1.54) than women who reported not drinking milk at all. Similarly, subjects
preferring butter and butter-oil mixture and men using margarine on bread (OR
0.58-0.76 in men and 0.73-0.79 in women) were observed to less likely be obese
compared with subjects using no fat on bread (IV).
Alcohol consumption and smoking history were associated with obesity and mean
BMI. When compared with subjects having had 1 to 3 portions of alcohol during
the previous week, women reporting no alcohol use (OR 1.19, 95% CI 1.04-1.36)
and men consuming at least 10 portions (OR 1.33, 95% CI 1.12-1.58) were more
likely to be obese. In men, this association became stronger in 15 years
(interaction between year and alcohol consumption: p=0.012), while in women it
remained stable. Both male and female ex-smokers were more likely (OR 1.65,
95% CI 1.44-1.90 in men and OR 1.30, 95% CI 1.09-1.56 in women) and female
smokers less likely (OR 0.79, 95% CI 0.68-0.93) to be obese than never-smokers.
In both men and women, the association of smoking history with obesity
remained unchanged over the 15-year period, as did that of mean BMI in men. In
contrast, the upward trend in mean BMI became stronger in female smokers and
ex-smokers (interaction between year and smoking history: p=0.0054), whereas in
never-smokers, this trend decreased (IV).
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5.2. Waist-to-hip ratio (III)
The mean waist-to-hip ratio (WHR) increased from 0.91 to 0.93 in men, and from
0.78 to 0.80 in women during the ten-year period from 1987 to 1997 (p<0.0001).
The mean hip circumference simultaneously remained unchanged in both
genders, while the mean waist circumference increased from 92.6 to 94.7 cm in
men, and from 79.8 to 81.5 cm in women (p<0.0001).
The strongest upward trend in WHR occurred in the first five-year period (1987-
1992) and then seemed to level off in men, whereas WHR in women continued to
increase into the 1990s.
When assessing WHR in normal-weight (BMI<25 kg/m2), overweight (BMI=25-
29.9 kg/m2) and obese (BMI≥30 kg/m2) subjects, the mean WHR increased in all
groups in both genders over the ten-year period. However, the most prominent
increase occurred in obese subjects (p-values for interaction between BMI group
and year: 0.0028 for men and 0.0001 for women).
The proportion of men with WHR of 1.00 or more was 8.3% in 1987 and 14.3%
in 1997. In women, the proportions of subjects with WHR≥0.85 were 12.6% and
20.1%, respectively. Age-standardized results gave similar estimates on these
prevalences (Table 10).
Table 10. Proportions (%) of men with waist-to-hip ratio (WHR) ≥1.00 and women with
WHR≥0.85 in 1987-1997. Crude prevalences and estimates standardized for age-
distribution in survey regions.
Men Women
Year Crude Age-standardized Crude Age-standardized
1987 8.3 7.2 12.6 11.0
1992 16.7 14.6 17.6 15.7
1997 14.3 13.2 20.1 18.1
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5.2.1. Age
In both genders, the most prominent increase in mean WHR over the ten-year
period was observed among those 45 years of age or older (interaction between
age and year: p<0.0001). In these age groups, the proportion of men with
WHR≥1.0 doubled between 1987 and 1992, whereas the increase in the
proportion of women with WHR≥0.85 was not as steep but continued steadily to
rise over the ten-year period (Figure 10).
Figure 10. Proportions of men with WHR≥1.0 and women with WHR≥0.85 by age
between 1987 and 1997.
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5.2.2. Education
The mean WHR increased in all educational groups, the lowest WHR being
among those with the highest education (main effect for education: p<0.0001 for
men and women). Similarly, the proportions of men with WHR exceeding 1.0 and
women exceeding 0.85 were significantly greater in 1997 compared with 1987 in
all educational groups.
5.2.3 Factors associated with abdominal obesity
Leisure-time physical activity was inversely associated with WHR, whereas a
positive association was observed between WHR and alcohol consumption.
Furthermore, smokers and ex-smokers were more likely to have a higher WHR
than never-smokers (Table 11).
Although physical activity, alcohol consumption and smoking history were
associated with WHR in both men and women, these lifestyle factors explained
only a minor portion of the WHR variation. Instead, age (18% in men, 12% in
women) and BMI (33% in men, 25% in women) accounted for most of the
variation. However, changes in BMI over time did not explain, at least totally, the
increases observed in mean WHR over the ten-year period. In women, a
significant increase in WHR was observed despite no concurrent change in mean
BMI. In men, in turn, the observed WHR increase was greater than the estimated
increase based on the change in BMI.
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6. Discussion
6.1. Overall changes in BMI and obesity
Upward trends in mean BMI and prevalence of obesity (BMI≥30 kg/m2) were
observed in both men and women. Abdominal obesity, defined as elevated WHR,
also showed increasing trends in both genders. This increase took place regardless
of BMI changes, suggesting adverse changes in body shape among Finnish adults.
The finding of the most prominent upward trend in WHR in obese subjects may
further indicate that the proportion of subjects with major obesity-related health
risks is increasing.
The upward trends in BMI and prevalence of obesity observed in the 1970s and
1980s in Finnish men (Rissanen et al. 1988, Pietinen et al. 1996) continue to
steadily climb, whereas in women, the incline is not as steep. These results also
support findings from annual health behaviour surveys of Finnish adults, which
show that mean BMI increased in both sexes in the early 1990s (Puska et al.
1996), but then seemed to level off in women (Helakorpi et al. 2000).
Our findings are in agreement with several reports across Europe (Hoffmeister et
al. 1994, Seidell et al. 1995, Stam-Moraga et al. 1998, Heitmann 2000, Rosengren
et al. 2000) and in the United States (Flegal et al. 1998). Nevertheless, the
increases observed were quite modest, especially in women, compared with, for
example, the situation in the United Kingdom, where the prevalence of obesity
has doubled in ten years (Prentice and Jebb 1995). The finding of greatest import
was, however, that the prevalence of subjects with a BMI of more than 35 kg/m2
reached 4.5% in men, which is almost of the same magnitude as in the white
population in the United States (Flegal et al. 1998). The respective prevalences in
women were 6.6% in our study and 9.8% in the United States.
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Distribution of overall obesity is amply documented in the literature, but besides a
few population studies (Seidell et al. 1991, Molarius et al. 1999b, Aranceta et al.
2001), little is known about WHR in populations of different countries not to
mention trends in WHR. As far as the author knows, the present study is one of
the first describing changes in WHR over time. As a result, comparisons of WHR
trends with other western populations are limited to a study carried out in Swedish
women, who on average appeared to have a stable BMI but an increased WHR
between 1968 and 1993. Thus, these results are in line with the present study,
suggesting that Swedish women have also experienced changes in body shape
(Lissner et al. 1998).
It is noteworthy that our data covered only eastern and southwestern Finland,
hence the samples were not nationally representative. For example, data from the
capital area, in which the prevalence of obesity has been shown to be the lowest
(Pietinen et al. 1996), were not available over the 15-year period. Furthermore, as
the samples were stratified, the age distribution in our data was skewed towards
older age groups compared with the age distribution of the population in survey
areas. The highest participation rate, which occurred among the oldest women in
eastern Finland, especially in the first surveys, further added to the
overrepresentation of older subjects. For these reasons, estimates of the mean
BMI, WHR and the prevalence of obesity were to some extent overestimated.
With regard to trends, the diminishing proportion of older subjects over the years
may have diluted the changes observed, especially in women. Overall, trends
observed are in agreement with results from annual health behaviour surveys of
Finnish adults. These surveys have been carried out with nationally representative
samples providing self-reported data on weights and heights (Puska et al. 1996,
Helakorpi et al. 2000).
Strengths of our study include a unique database with a large number of
participants and repeated surveys conducted with the same, comprehensive study
protocol at the same time of the year. Data on weights and heights as well as on
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waist and hip circumferences were based on measurements taken by specially
trained study nurses. Despite a decline in the response rate over the years,
participation remained high. The decreasing response rate may have, however,
had some effect on results since obesity can be assumed to have been more
prevalent among non-participants (Roos 1998).
6.2.  The most adverse trends in the extremes of the age range
Young adults appeared to be more obese in the most recent survey compared with
earlier years. In agreement with several previous studies (Hoffmeister et al. 1994,
Seidell et al. 1995, Peltonen et al. 1998), the increase in BMI was quite
pronounced in the youngest age group. However, trends were not as steep as in a
recent study in which obesity prevalence had doubled among 30-year-old Danes
in ten years (Heitmann 2000).
The most prominent increase in BMI and obesity occurred in the oldest men,
whereas obesity in the oldest women remained stable. This gender-specific
finding is not supported by other studies; in some studies, the increase in mean
BMI or the prevalence of obesity has been shown to be strongest both in the
oldest men and women (Hoffmeister et al. 1994, Seidell et al. 1995), whereas in
other studies, no increase has been observed for either gender among the oldest
subjects (Peltonen et al. 1998).
The most prominent increase in WHR also occurred in the oldest men (>45
years). Interestingly, despite the stable BMI and obesity prevalence among the
oldest women, abdominal obesity in this group also appears to be on the rise. This
finding is not easy to interpret based on methods used in this study. Keeping in
mind the limitations of anthropometric measures in assessing body composition
and the suggestion of WHR being a better indicator of body fatness than BMI
with ageing (Willett 1998), one explanation could be that excess fatness in older
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women is actually increasing but, because of changes in body composition, this
could not be detected using BMIs. Thus, the plateau in BMI among older women
should be interpreted with caution. To assess possible changes in body
composition over the years, a different study design with more sophisticated
methods is needed.
The BMI range between the youngest and oldest age groups was exceptionally
large compared with other studies. Although the prevalence of obesity among the
youngest subjects was of the same magnitude as found in some other studies
(Hoffmeister et al. 1994, Heitmann 2000), the overall prevalence of obesity was
much higher in the present study. This was due to the considerable increase of
BMI with age. Interestingly, this increase appeared to be constant in women
regardless of birth cohort, whereas in men, younger cohorts seemed to put on
more weight with age than older cohorts. However, it is of importance to note that
data on BMI of older cohorts at a younger age were lacking. In contrast to a
French population, in which a weight increase with age were larger for men than
women (Rolland-Cachera et al. 1991), the difference between the age groups with
the highest and the lowest BMI remained greater in women, despite a declining
gradient between genders over the years.
In all, older male cohorts appeared to be replaced by heavier younger cohorts, as
far as our cross-sectional data allowed us to follow the life span of subjects of
working age. This finding is supported by a recent Swedish study, in which four
male cohorts aged 50 years were investigated between 1963 and 1993. A
significant increase was observed both in the mean BMI and the prevalence of
obesity over this 30-year period (Rosengren et al. 2000). In contrast, in an
Australian study, both male and female participants in a 1989 survey belonged to
a heavier population than those in 1980 (Boyle et al. 1994).  However, in our
study, the youngest women entering the last survey also had a much higher BMI
and prevalence of obesity compared with earlier surveys. Although this finding
74
may be due to chance, young adults – both men and women – are definitely one
group with an undesirable trend towards obesity.
A possible source of bias in the present study, particularly concerning young
women, is that pregnant women could not be removed from the databases of
Studies I, II, and IV. In contrast, the database of Study III on waist-to-hip ratios
did not include pregnant women because data on pregnancies have only been
available since 1987. The proportion of pregnant women was low and remained
constant (2-3%) between 1987 and 1997. Hence, we assume that the inclusion of
pregnant women in analyses would have had only a minor impact on results.
6.3. Education, occupation and obesity
Not surprisingly, we observed a strong inverse association between educational
status and obesity in women, whereas in men, education was a determinant of less
importance. This finding is consistent with several other studies (Bennett 1995,
Stam-Moraga et al. 1999, Molarius et al. 2000, Wardle and Griffith 2001). Unlike
in the majority of WHO MONICA populations (Molarius et al. 2000), this social
gradient appears not to have widened in recent years, in line with some other
studies (Helmert et al. 1995, Lissner et al. 2000).
As mentioned before, although declining over the survey years, participation rate
remained high. However, the decreasing response rate may have influenced the
results, especially with regard to associations between education and obesity.
Based on analyses of the FINRISK database in 1992 (Roos 1998) and a Danish
study (Heitmann and Garby 1999), subjects with  low education can be assumed
to be less likely to participate in surveys. Thus, as the response rate decreased,
particularly among men, possible differences between educational groups may
have been diluted. In the youngest age group in 1997, however, the participation
rate varied by gender such that it was lower in men with the highest education,
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whereas in women, it was highest among those with the highest education
(Lallukka et al. 2001).  Evaluation of this issue in more detail is not possible due
to the lack of proper analysis of non-participation in the FINRISK studies over the
years.
Trends in BMI varied across occupational groups only in men such that the most
prominent BMI increase in 15 years took place among men outside the work
force, including the retired, unemployed and students. Most of the students in
Finland are younger than 25 years of age, i.e. outside the age range of this study.
Hence, our finding is not applicable to students in general. On the other hand, the
results concerning retired and unemployed men are of great importance because
the number of these subjects is considerable in Finland, especially with the
increasing numbers of premature pension beneficiaries.
Our finding of men with heavy work having the lowest increase in BMI over the
years suggests that physical activity at work may have an important role in weight
management, especially in men. Thus, being out of work may mean a greater
decrease in energy expenditure for men than for women. Overall, it has been
suggested that changes in energy expenditure in occupational work are more
likely to have been greater for men than for women since heavy work for men, in
particular, has become less demanding over the years (Fogelholm et al. 1996). We
further observed great gender differences in BMI trends in the oldest age group,
which may indicate that finding alternative activities to occupational work may be
more difficult for men than for women, who are used to working at home (Niemi
and Pääkkönen 1990).
Nevertheless, interpretations of our results remain speculative because of the
cross-sectional design of this study, which does not allow any causal conclusions
to be drawn. We do not know whether men outside the work force were obese
before leaving work or whether they became obese afterwards. In a large
prospective study, obesity was associated with an increased risk of premature
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work disability (Rissanen et al. 1990), while in another study, loss of employment
was associated with an increased likelihood of gaining weight (Morris et al. 1992).
6.4. Lifestyle factors
As expected on the basis of several reports (Gutiérrez-Fisac et al. 1996, Rosmond
et al. 1996, Blokstra et al. 1999, Martínez-González et al. 1999, Stam-Moraga et
al. 1999), physical activity at leisure time was inversely associated with BMI and
obesity, both in men and women. In addition, the inverse association between the
level of physical activity and BMI appeared to strengthen over time, especially in
women.
Thus, the suggestion made by Prentice and Jebb (1995) about the increasing
importance of physical activity to counteract obesity was clearly supported by our
results for women, in whom the associations between BMI and leisure-time
physical activity became stronger over the years regardless of the measurement
used for assessing physical activity.  By contrast, the results for men were not as
easy to interpret because the consistency of these associations varied depending
on the variable. According to the question querying about the level of physical
activity at leisure time, men reporting being sedentary were much heavier in 1997
than in 1982, whereas questions querying about the frequency and duration of
leisure-time activity showed no changes in associations over the years.
These inconclusive results concerning physical activity may be due to
methodological problems, including biased reporting and measurement error. As
in many epidemiological studies (Wareham and Rennie 1998), self-administered
questionnaires yield only crude estimates on physical activity. Furthermore, a
measurement for everyday household activities was lacking. However, questions
on leisure-time physical activity used in the present study were kept constant over
the years, thereby allowing comparisons between surveys.
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With regard to dietary intake and food habits, we had to be content with crude
estimates as well, because assessing dietary habits was also based on self-
administered questionnaires. Although the questionnaire has been improved by
new questions on food use frequencies over the years, we were only able to use
those questions included in all surveys. Fortunately, questions contained within
the questionnaire were generally kept unchanged and could be used as indicators
for ranking subjects according to food choices. These methods were, however,
inadequate for estimating energy or nutrient intake.
As an indicator of healthy or unhealthy food habits, daily vegetable consumption
was inversely associated – although not independently of other lifestyle factors -
with body weight, whereas sausage eaters were observed to be heavier than
others. Our finding of a negative association between bread consumption and
body weight supports previous results in which carbohydrate and fibre intake has
been shown to be inversely associated with BMI (Slattery et al. 1992, Appleby et
al. 1998, Delvaux et al. 1999).
Unexpectedly, persons eating bread without fat or choosing skim milk were more
likely to be obese than subjects using any fat on bread or not drinking milk at all.
These findings are subject to various interpretations, again because of the cross-
sectional design of the study. Since subjects are unlikely to be obese because of
omitting fat on bread or preferring skim milk, obese subjects may try to control
their weight with these choices. Alternatively, this result may be due to reporting
bias, with obese subjects trying to give socially desirable responses (Hebert et al.
1995, Heitmann et al. 2000). These associations could also be purely due to
chance, with type of milk or fat used on bread being totally irrelevant in the
course of obesity. After all, one should be careful when giving advice on healthy
eating to avoid the impression that low-fat products can be used to an unlimited
extent (Rolls and Miller 1997). On the other hand, our findings do support the
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recommendations of daily vegetable and cereal consumption as part of weight
control.
In agreement with some studies (Colditz et al. 1991), subjects with moderate
alcohol consumption tended to weight less than non-drinkers and subjects with
heavier alcohol consumption. However, significance of the associations was
dependent on the model used, suggesting that lifestyle factors may be interrelated.
Similarly, associations between smoking habits and obesity were unclear.
Compared with never-smokers, male smokers were more likely to be obese based
on the model adjusted for age and education only, whereas female smokers were
less likely to be obese after adjustment for other lifestyle variables. However, our
finding of ex-smokers being more likely to be obese than never-smokers is
supported by several earlier reports (Chen et al. 1993, Simmons et al. 1996).
Overall, it appears that, unlike in many populations (Istvan et al. 1992, Molarius
et al. 1997), smokers in Finland do not weigh less than never-smokers, even
among women, which is in agreement with other recent findings (Seidell et al.
1991, Slattery et al. 1992, Cairney and Wade 1998). It should, however, be noted
that these associations may be confounded by education (Molarius and Seidell
1997, Laaksonen et al. 1998).
In summary, the present study demonstrated that BMI is determined by
behavioural factors. However, the design and methods of the study were
inadequate for assessing the causality of these factors in the course of obesity, not
to mention their role or effect in the prevention of obesity. More knowledge
would be yielded with population-based studies specially designed to examine
these associations prospectively. In addition, future studies would profit from a
careful control for confounders due to the number of complex interactions
underlying these phenomena.
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6.5. Future prospects
The burden of obesity on public health care and the national economy is expected
to increase in the future, especially because of upward trends in the prevalence of
hypertension and type 2 diabetes. The health hazards of obesity-related metabolic
disorders overall will remain high or will become even more prominent since the
prevalence of abdominal obesity seems to be on rise in Finnish adults.
Treatment of obesity is a great challenge for health care professionals, who must
recognize obesity as a major determinant of several illnesses. Correspondingly,
the treatment should be seen as a treatment for obesity-related comorbidity.
However, as obesity develops over a long period and is difficult to treat, more
effort should be invested in its prevention. Prevention should begin early in life,
in childhood and adolescence. However, for adults, regular monitoring of BMI
and fat distribution would be useful to control even modest weight gain with
ageing, particularly at vulnerable ages and life stages with an increased risk of
gaining weight. Such monitoring could easily become part of health examination
activities offered  in occupational health units and maternity health clinics.
Cross-sectional population surveys in which anthropometric measurements are
taken should also be regularly carried out to monitor the distribution of BMI and
the prevalence of obesity in the general population. In Finland, prospects for
epidemiological research and monitoring of obesity are good. In the recent
national health examination survey, Health 2000, measurements of body height,
weight, waist and hip circumferences, abdominal sagittal diameter and
bioimpedance were simultaneously carried out in a representative population
sample. In addition, the next FINRISK study will be carried out in 2002. These
surveys will give valuable information to predict future obesity-related problems
and to evaluate the effectiveness of obesity prevention and treatment strategies.
80
Furthermore, health behaviour surveys including self-reported weights and
heights could be used to monitor secular trends in obesity, so long as the
underestimation which occurs with self-reporting is kept in mind. Data collected
in large health surveys could also be utilized more efficiently in obesity research.
Since obesity has been shown to be related not only to a multitude of illnesses but
also to disability and diminished quality of life, querying about weight and height
should be a matter of course in all health-related questionnaires. In health
examination surveys, supplementing anthropometric measurements with more
sophisticated methods to investigate body composition of subjects would be
useful. Prospective studies designed to investigate dietary factors, physical
activity patterns and other lifestyle factors related to weight change are also
needed to improve understanding of how obesity develops and how it can be
prevented.
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7.  Conclusions
Based on the main findings, the following conclusions were drawn:
1. Mean BMI and prevalence of obesity have increased both in men and women
over the last few decades, the most prominent increase taking place among older
men and young adults. Especially in women, education is a strong determinant of
normal weight. This social gradient has increased until the beginning of the 1990s
such that women with the lowest education are the heaviest. In men, BMI
increased in all educational groups. Also noteworthy is that BMI trends varied by
occupation such that the most undesirable trends occurred in retired and
unemployed men.
2. In the working-aged male population, older birth cohorts seem to have been
replaced by younger, heavier birth cohorts. In men, the younger the birth cohort,
the more prominent the BMI increase with age, whereas in women, this increase
has remained unchanged over a 25-year period. However, a BMI increase with
age is still more prominent in women than in men.
3. Independently of changes in BMI, abdominal obesity has increased over a ten-
year period, with the most undesirable trend taking place among older subjects. In
men, the strongest upward trend in waist-to-hip ratio (WHR) occurred at the end
of the 1980s to the early 1990s, whereas in women, WHR increased steadily over
the ten-year period. The adverse changes in body shape among older women are
important to note when evaluating the finding of a plateau in obesity changes
based on BMI.
4. Physical activity, no smoking, moderate alcohol consumption and healthy food
choices were associated with the least likelihood of being obese. These lifestyle
factors, excluding food choices, were also associated with WHR, although only a
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minor part of the variation in WHR was explained by these factors. Most
associations between BMI and lifestyle factors remained unchanged over time,
but avoiding sedentariness became more important as a factor associated with
normal weight.
In conclusion, obesity is an increasing problem in Finland, especially among
young adults and older men. Men outside the work force and women with low
education appear to have the most undesirable trends in obesity. This study also
suggests that the role of physical activity in weight management  has strengthened
over the years, although the associations with other lifestyle factors remain
important as well. These findings should be considered in planning public health
action to  prevent obesity.
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